

































































































































Ovaj  rad  bavi  se  projektiranjem  i  razvojem  nastavne  makete  za  upravljanje  i 
regulaciju  istosmjernim motorima,  u  svrhu modernizacije  Laboratorija  za  elektrotehniku. 
Time  bi  se  poboljšatala  kvaliteta  nastave  iz  kolegija  iz  područja  elektrotehnike, 
mikroprocesorskog upravljanja i regulacije. 
 
Za  potrebe  projektiranja makete  predviđeno  je  korištenje  CATIA  V5  programskpg  paketa 
(proizvođač  „Dassault  Systemes“). Navedeni  programski  paket  predviđen  je  i  za  provjeru 
funkcionalnosti  i sklapanja pojedinih podsustava makete. Pri  izradi makete također se vodi 
računa  o  kompatibilnosti  s  postojećim  nastavnim  maketama,  kao  što  je  maketa 
mikrokontrolerskog  sustava  sa  Siemens  SIMATIC  S7‐200  programibilnim  logičkim 
kontrolerom. Što se detaljno opisuje u ovom radu. 
 












2. MIKROKONTROLERSKI SUSTAV ZASNOVAN NA 
PROGRAMIBILNOM LOGIČKOM KONTROLERU SIMATIC S7- 200 
 
  2.1 SIMATIC S7-224 CPU  
 
Programibilni  logički  kontroleri  služe  za  upravljanje  industrijskim  procesima,  a 
najčešće se upotrebljavaju u proizvodnji, za automatizaciju postrojenja  i procesa. Osnovne 
karakteristike  PLC‐a  su  visoka  pouzdanost,  prilagodljivost,  mogućnost  povezivanja  i 
komunikacije sa drugim uređajima (upravljačke jedinice za motore), fleksibilnost upravljanja 
procesom, (jednostavnost izmjene upravljačkog programa). 
S7‐200  CPU  u  jedinstvenom  kućištu  sadrži  mikrokontroler,  sklopove  za  serijsku 
komunikaciju, priključke za vanjsko napajanje 24 V DC (ili 230 V AC), te digitalne ulaze i izlaze 
u  tranzistorskoj  (optički  odvojenoj)  izvedbi  (24 V DC  napajanje),  odnosno  relejnoj  izvedbi 





Sam PLC    ima 14 digitalnih ulaza,  te 10 digitalnih  izlaza. CPU  jedinica prikazan na slici 2.1. 
sadrži port za komunikaciju (programiranje), signalne LED diode statusa PLC‐a (SF/D – greška 
sistema  /  dijagnostike;  RUN  –  početak  rada;  STOP  –  završetak  rada). Na  CPU modulu  se 
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nalazi  memorija  (32  kB  programske  memorije,  64  kB  odnosno  256  kB  podatkovne 





PLC  ciklički  izvršava  slijed  (sekvencu)  instrukcija  programa  kako  je  prikazano  na  slici  2.2. 
Jedan  puni  programski  ciklus  (naziva  se  još  i  „SCAN  CYCLE“)  sastoji  se  od  sljedećih 
segmenata[1]:  
 
Čitanje  stanja  ulaza  ‐  fizička  stanja  ulaza  se  kopiraju  u  registar  slike  stanja  ulaza. 
Poseban  dio  memorije  radi  lakšeg  dohvata  i  konzistentnosti  logičkih  stanja  i  analognih 
mjernih veličina  (stanja na  fizičkim ulazima se mogu mijenjati u većoj  ili manjoj mjeri zbog 
utjecaja smetnji...). 
  Izvršavanje  slijeda  instrukcija  (unutar  programa)  ‐  izvršavanje  slijeda  instrukcija 
programa  i  spremanje  podataka  na  odgovarajuće  memorijske  lokacije  (bit  memorija, 
memorija za varijable, ...). 
  Procesiranje zahtjeva za komunikaciju  s ostalim uređajima  i eventualna uspostava 
komunikacije ako je to potrebno. 




Ispis podataka na  izlaze –  vrijednosti  koje  su bile u drugom  koraku pohranjene u 
registar slike stanja izlaza prosljeđuju se na fizičke izlaze PLC‐a S7‐200. 
2.2 EKSTENZIJSKI MODULI ZA SIEMENS S7-224 
  









2.2.1 Modul napajanja LOGO! POWER 
 
Slika 2.4 LOGO!Power modul napajanja 
  LOGO!Power  napajanja  je  za  napajanje  LOGO! modula  (najjednostavnija  porodica 






Parametri modula napajanja LOGO!Power [2] 
Veličina  Vrijednosti 
ulazni jedno fazni napon 85 do 264 V 
izlazni napon (DC) 24 V ± 3% 
izlazna struja do 4 A 
faktor korisnosti 89% 
zaštita od kratkog spoja DA 
struja kratkog spoja (DC) 10 A 
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Analogni  ulazni  modul  pretvara  analogne  signale  dovedene  sa  senzora  u  odgovarajuće 
digitalne varijable (duljine 16 bita), koji služe za daljnu obradu u CPU jedinici.  



















koja  služi  za  upravljanje  izvršnim  elementima  (aktuatorima)  s  analognim  naponskim  ili 
strujnim ulazom (npr. Proporcionalni ventil, energetski pretvornici za upravljanje motorima i 





















3.MAKETA ZA UPRAVLJANJE I REGULACIJU ISTOSMJERNIH 
MOTORA   
 
3.1 Struktura makete  
Maketa  je osmišljena kao  simulator  za upravljanje  i  regulaciju  istosmjernih motora 
(slika3.1). Predviđeno  je da maketa  ima mogućnost emuliranja realnih regulacijskih zadataka u 
elektromotornim pogonima, te su stoga dva istosmjerna motora spojena na istu osovinu..  Jedan 
motor predstavlja objekt regulacije dok drugi predstavlja varijablini teret. Motori su spojeni 
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(komercijalni  naziv:  "PLEXIGLASS")  debljine  osam milimetara.  Ploča  je  detaljno  opisana  u 
radioničkom crtežu koji se nalazi u prilogu [1]. 








ravninu  tako  da    je  omogučen  nesmetan  pogled  na motore.  Radionički  crtež  se  nalazi  u 
prilogu[2]. 





Bočna  stranica  priakazana  na  slici  3.5  prikazuje  izgled  bočne  stranice makete.  Za 
material  izrade  bočne  stranice  odabran  je  akril  debljine  šest milimetara.  Bočna  stranica 










Bočna  stranica  priakazana  na  slici  3.6  prikazuje  izgled  bočne  stranice makete.  Za 
material  izrade  bočne  stranice  odabran  je  akril  debljine  šest milimetara.  Bočna  stranica 










Na  slici 3.7 prikazan  je ventilator makete. Ventilator  se montira na B bočnu ploču. 
Ventilator  se  napaja  strujom  AC  220V/50‐60  Hz  te  troši  100mA,  a  aktivira  se  uz  pomoć 
prekidača napajanja makete. Detaljni tehnički podaci nalaze se u prilogu[7]. 














































3.1.7.1  Inkrementalni davač 
Za mjerenje brzine motora odabran je inkrementalni davač sa dva kanala te indeks kanalom 























  Na  slici  3.10  je  prikazana  spojka  koja  služi  za  spajanje  dva  motora.  Spojka  je 
napravljena od aluminija u kombinaciji sa kaljupljenom gumom. Detaljna specifikacija spojke 



























































































Relej 24 V 8A 2x2



























Relej 24 V 8A 2x2



















rezolucije 360  imp./okr.  Inkrementalni davač na  izlazu daje  za  “1” min 2V dok  za  “0”daje 
max.  0.4 V, PLC‐ na ulazima prima minimalno 15 V za “1” te max 5V za “0”. Evidentno je da 
su  ta  dva  sustava  ne  kompatibilna  stoga  je  razvijeno  pojačalo  na  bazi NPN  tranzistorske 





































































malim  istosmjernim  motorima,  koja  se  može  koristiti  u  nastavi  iz  kolegija  iz  područja 
elektrotehnike, mikroprocesorskog  upravljanja  i  regulacije.  Kako  bi  se  čim  bolje  iskoristili 
postojeći  resursi Katedre  za  strojarsku automatiku  (točnije  Laboratorija  za elektrotehniku) 
Fakulteta strojarstva  i brodogradnje, pri  izradi maketa se vodilo računa o kompatibilnosti s 
postojećom  laboratorijskom  maketom  mikrokontrolerskog  sustava  sa  Simatic  S7‐200 
kontrolerima.  
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Winding Designation Motor Data Symbol Units 9.55 V 12.0 V 15.2 V 19.1 V 24.0 V 30.3 V 38.2 V 48.0 V 
Supply Voltage (Reference) Vs V 9.55 12.0 15.2 19.1 24.0 30.3 38.2 48.0 
oz-in 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 Continuous Torque Tc Nm 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049 
Speed @ Cont. Torque Sc rpm 5220 5610 5800 5850 6000 6030 6070 6050 
Current @ Cont. Torque Ic A 5.13 4.16 3.27 2.58 2.08 1.64 1.30 1.02 
Continuous Output Power Po,c W 27 29 30 30 31 31 31 31 
oz-in/√W 2.9 3.0 3.1 3.2 3.2 3.3 3.3 3.3 Motor Constant KM Nm/√W 0.020 0.021 0.022 0.023 0.023 0.023 0.023 0.023 
oz-in/A 2.00  2.47  3.14  3.99  4.94  6.27  7.89  9.98  Torque Constant KT Nm/A 0.0141  0.0174  0.0222  0.0282  0.0349  0.0443  0.0557  0.0705  
V/krpm 1.48 1.83 2.32 2.95 3.65 4.64 5.83 7.38 Voltage Constant KE V s/rad 0.0141 0.0174 0.0222 0.0282 0.0349 0.0443 0.0557 0.0705 
Terminal Resistance Rmt Ω 0.48  0.68  1.02  1.56  2.37  3.72  5.83  9.23  
Inductance L mH 0.33  0.51  0.82  1.33  2.05  3.30  5.21  8.35  
No-Load Current Inl A 0.47 0.38 0.30 0.24 0.19 0.15 0.12 0.090 
No-Load Speed Snl rpm 6180 6300 6290 6220 6320 6290 6300 6260 
Peak Current (Stall) Ipk A 19.9 17.6 14.9 12.2 10.1 8.15 6.55 5.20 
oz-in 38.9 42.6 45.9 47.9 49.1 50.1 50.8 51.0 Peak Torque (Stall) Tpk Nm 0.274 0.301 0.324 0.338 0.347 0.354 0.358 0.360 
oz-in 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 Coulomb Friction Torque Tf Nm 0.0046 0.0046 0.0046 0.0046 0.0046 0.0046 0.0046 0.0046 
oz-in/krpm 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 Viscous Damping Factor D Nm s/rad 3.0E-06 3.0E-06 3.0E-06 3.0E-06 3.0E-06 3.0E-06 3.0E-06 3.0E-06 
Electrical Time Constant τe ms 0.69 0.75 0.80 0.85 0.86 0.89 0.89 0.90 
Mechanical Time Constant τm ms 13 12 12 11 11 11 10 10 
Thermal Time Constant τth min 13 13 13 13 13 13 13 13 
Thermal Resistance Rth °C/W 15 15 15 15 15 15 15 15 
Max. Winding Temperature θmax °C 155 155 155 155 155 155 155 155 
oz-in-sec2 7.9E-04 7.9E-04 7.9E-04 7.9E-04 7.9E-04 7.9E-04 7.9E-04 7.9E-04 Rotor Inertia Jr kg m2 5.6E-06 5.6E-06 5.6E-06 5.6E-06 5.6E-06 5.6E-06 5.6E-06 5.6E-06 
oz 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 Motor Weight (Mass) wM g 340 340 340 340 340 340 340 340 
 




































• Sintered Bronze Bearings • Heavy-gauge Steel Housing 
• 2-pole Stator • Silicon Steel Laminations 
• Ceramic Magnets • Copper-graphite Brushes 
• 7-slot Armature • Diamond-Turned Commutator 
 
Complementary Products 
• G42A Planetary Gearbox • E22A Optical Encoder 
• G42B Planetary Gearbox • E30A Optical Encoder 
• G51A Spur Gearbox • E30B Optical Encoder 
 • E35A Optical Encoder 
 
Notes: 
1 All values specified at 25°C ambient temperature and without heat sink. 
2 Peak values are theoretical and supplied for reference only. 
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E30 INCREMENTAL OPTICAL ENCODER 
 
 






E30A Encoder Data Symbol Units Value 
Available Resolutions - - 
100, 200, 256, 
360, 500, 512, 
1000, 1024 




Output Interface - - TTL Compatible 
Supply Voltage Vcc V 4.5 to 5.5 
Supply Current Icc mA 40 max 
High Level Output Voltage VOH V 2.4 min 
Low Level Output Voltage VOL V 0.4 max 
Maximum Operating 
Frequency fmax kHz 100 
Maximum Operating 
Temperature max C -40 to +100 




E30A Encoder Data Symbol Units Value 
Available Resolutions - - 256, 360, 500, 512 





Output Interface - - TTL Compatible 
Supply Voltage Vcc V 4.5 to 5.5 
Supply Current Icc mA 85 max 
High Level Output Voltage VOH V 2.4 min 
Low Level Output Voltage VOL V 0.4 max 
Maximum Operating 
Frequency fmax kHz 100 
Maximum Operating 
Temperature max C -40 to +100 















E30A Connection Chart 
Pin Color Function 
1 Black Ground 
2 - No Connection 
3 Yellow Channel A 
4 Red Vcc 




 Differential line driver with complementary outputs 












E30B Connection Chart 
Pin Color Function 
1 Black Ground 
2 Green Index 
3 Yellow Channel A 
4 Red Vcc 




 Differential line driver with complementary outputs 





 Motor ball bearings are required for optimal performance. 
2






The LMD18200 is a 3A H-Bridge designed for motion control
applications. The device is built using a multi-technology
process which combines bipolar and CMOS control circuitry
with DMOS power devices on the same monolithic structure.
Ideal for driving DC and stepper motors; the LMD18200
accommodates peak output currents up to 6A. An innovative
circuit which facilitates low-loss sensing of the output current
has been implemented.
Features
n Delivers up to 3A continuous output
n Operates at supply voltages up to 55V
n Low RDS(ON) typically 0.3Ω per switch
n TTL and CMOS compatible inputs
n No “shoot-through” current
n Thermal warning flag output at 145˚C
n Thermal shutdown (outputs off) at 170˚C
n Internal clamp diodes
n Shorted load protection
n Internal charge pump with external bootstrap capability
Applications
n DC and stepper motor drives
n Position and velocity servomechanisms
n Factory automation robots
n Numerically controlled machinery
n Computer printers and plotters
Functional Diagram
01056801
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Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
Total Supply Voltage (VS, Pin 6) 60V
Voltage at Pins 3, 4, 5, 8 and 9 12V
Voltage at Bootstrap Pins
(Pins 1 and 11) VOUT +16V
Peak Output Current (200 ms) 6A
Continuous Output Current (Note 2) 3A
Power Dissipation (Note 3) 25W
Power Dissipation (TA = 25˚C, Free Air) 3W
Junction Temperature, TJ(max) 150˚C
ESD Susceptibility (Note 4) 1500V
Storage Temperature, TSTG −40˚C to
+150˚C
Lead Temperature (Soldering, 10 sec.) 300˚C
Operating Ratings(Note 1)
Junction Temperature, TJ −40˚C to +125˚C
VS Supply Voltage +12V to +55V
Electrical Characteristics (Note 5)
The following specifications apply for VS = 42V, unless otherwise specified. Boldface limits apply over the entire operating
temperature range, −40˚C ≤ TJ ≤ +125˚C, all other limits are for TA = TJ = 25˚C.
Symbol Parameter Conditions Typ Limit Units
RDS(ON) Switch ON Resistance Output Current = 3A (Note 6) 0.33 0.4/0.6 Ω (max)
RDS(ON) Switch ON Resistance Output Current = 6A (Note 6) 0.33 0.4/0.6 Ω (max)
VCLAMP Clamp Diode Forward Drop Clamp Current = 3A (Note 6) 1.2 1.5 V (max)
VIL Logic Low Input Voltage Pins 3, 4, 5 −0.1 V (min)
0.8 V (max)
IIL Logic Low Input Current VIN = −0.1V, Pins = 3, 4, 5 −10 µA (max)
VIH Logic High Input Voltage Pins 3, 4, 5 2 V (min)
12 V (max)
IIH Logic High Input Current VIN = 12V, Pins = 3, 4, 5 10 µA (max)
Current Sense Output IOUT = 1A (Note 8) 377 325/300 µA (min)
425/450 µA (max)
Current Sense Linearity 1A ≤ IOUT ≤ 3A (Note 7) ±6 ±9 %
Undervoltage Lockout Outputs turn OFF 9 V (min)
11 V (max)
TJW Warning Flag Temperature Pin 9 ≤ 0.8V, IL = 2 mA 145 ˚C
VF(ON) Flag Output Saturation Voltage TJ = TJW, IL = 2 mA 0.15 V
IF(OFF) Flag Output Leakage VF = 12V 0.2 10 µA (max)
TJSD Shutdown Temperature Outputs Turn OFF 170 ˚C
IS Quiescent Supply Current All Logic Inputs Low 13 25 mA (max)
tDon Output Turn-On Delay Time Sourcing Outputs, IOUT = 3A 300 ns
Sinking Outputs, IOUT = 3A 300 ns
ton Output Turn-On Switching Time Bootstrap Capacitor = 10 nF
Sourcing Outputs, IOUT = 3A 100 ns
Sinking Outputs, IOUT = 3A 80 ns
tDoff Output Turn-Off Delay Times Sourcing Outputs, IOUT = 3A 200 ns
Sinking Outputs, IOUT = 3A 200 ns
toff Output Turn-Off Switching Times Bootstrap Capacitor = 10 nF
Sourcing Outputs, IOUT = 3A 75 ns
Sinking Outputs, IOUT = 3A 70 ns
tpw Minimum Input Pulse Width Pins 3, 4 and 5 1 µs





Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditions.
Note 2: See Application Information for details regarding current limiting.
Note 3: The maximum power dissipation must be derated at elevated temperatures and is a function of TJ(max), θJA, and TA. The maximum allowable power
dissipation at any temperature is PD(max) = (TJ(max) − TA)/θJA, or the number given in the Absolute Ratings, whichever is lower. The typical thermal resistance from
junction to case (θJC) is 1.0˚C/W and from junction to ambient (θJA) is 30˚C/W. For guaranteed operation TJ(max) = 125˚C.
Note 4: Human-body model, 100 pF discharged through a 1.5 kΩ resistor. Except Bootstrap pins (pins 1 and 11) which are protected to 1000V of ESD.
Note 5: All limits are 100% production tested at 25˚C. Temperature extreme limits are guaranteed via correlation using accepted SQC (Statistical Quality Control)
methods. All limits are used to calculate AOQL, (Average Outgoing Quality Level).
Note 6: Output currents are pulsed (tW < 2 ms, Duty Cycle < 5%).
Note 7: Regulation is calculated relative to the current sense output value with a 1A load.
Note 8: Selections for tighter tolerance are available. Contact factory.
Typical Performance Characteristics












Typical Performance Characteristics (Continued)
Supply Current vs
Frequency (VS = 42V)
Supply Current vs
















Pin 1, BOOTSTRAP 1 Input: Bootstrap capacitor pin for half
H-bridge number 1. The recommended capacitor (10 nF) is
connected between pins 1 and 2.
Pin 2, OUTPUT 1: Half H-bridge number 1 output.
Pin 3, DIRECTION Input: See Table 1. This input controls
the direction of current flow between OUTPUT 1 and OUT-
PUT 2 (pins 2 and 10) and, therefore, the direction of rotation
of a motor load.
Pin 4, BRAKE Input: See Table 1. This input is used to
brake a motor by effectively shorting its terminals. When
braking is desired, this input is taken to a logic high level and
it is also necessary to apply logic high to PWM input, pin 5.
The drivers that short the motor are determined by the logic
level at the DIRECTION input (Pin 3): with Pin 3 logic high,
both current sourcing output transistors are ON; with Pin 3
logic low, both current sinking output transistors are ON. All
output transistors can be turned OFF by applying a logic high
to Pin 4 and a logic low to PWM input Pin 5; in this case only
a small bias current (approximately −1.5 mA) exists at each
output pin.
Pin 5, PWM Input: See Table 1. How this input (and DIREC-
TION input, Pin 3) is used is determined by the format of the
PWM Signal.
Pin 6, VS Power Supply
Pin 7, GROUND Connection: This pin is the ground return,
and is internally connected to the mounting tab.
Pin 8, CURRENT SENSE Output: This pin provides the
sourcing current sensing output signal, which is typically
377 µA/A.
Pin 9, THERMAL FLAG Output: This pin provides the
thermal warning flag output signal. Pin 9 becomes active-low
at 145˚C (junction temperature). However the chip will not
shut itself down until 170˚C is reached at the junction.
Pin 10, OUTPUT 2: Half H-bridge number 2 output.
Pin 11, BOOTSTRAP 2 Input: Bootstrap capacitor pin for
Half H-bridge number 2. The recommended capacitor
(10 nF) is connected between pins 10 and 11.
TABLE 1. Logic Truth Table
PWM Dir Brake Active Output Drivers
H H L Source 1, Sink 2
H L L Sink 1, Source 2
L X L Source 1, Source 2
H H H Source 1, Source 2
H L H Sink 1, Sink 2
L X H NONE
Application Information
TYPES OF PWM SIGNALS
The LMD18200 readily interfaces with different forms of
PWM signals. Use of the part with two of the more popular
forms of PWM is described in the following paragraphs.
Simple, locked anti-phase PWM consists of a single, vari-
able duty-cycle signal in which is encoded both direction and
amplitude information (see Figure 2). A 50% duty-cycle
PWM signal represents zero drive, since the net value of
voltage (integrated over one period) delivered to the load is
zero. For the LMD18200, the PWM signal drives the direc-








Sign/magnitude PWM consists of separate direction (sign)
and amplitude (magnitude) signals (see Figure 3). The (ab-
solute) magnitude signal is duty-cycle modulated, and the
absence of a pulse signal (a continuous logic low level)
represents zero drive. Current delivered to the load is pro-
portional to pulse width. For the LMD18200, the DIRECTION
input (pin 3) is driven by the sign signal and the PWM input
(pin 5) is driven by the magnitude signal.
SIGNAL TRANSITION REQUIREMENTS
To ensure proper internal logic performance, it is good prac-
tice to avoid aligning the falling and rising edges of input
signals. A delay of at least 1 µsec should be incorporated
between transitions of the Direction, Brake, and/or PWM
input signals. A conservative approach is be sure there is at
least 500ns delay between the end of the first transition and
the beginning of the second transition. See Figure 4.
01056804
FIGURE 2. Locked Anti-Phase PWM Control
01056805





USING THE CURRENT SENSE OUTPUT
The CURRENT SENSE output (pin 8) has a sensitivity of
377 µA per ampere of output current. For optimal accuracy
and linearity of this signal, the value of voltage generating
resistor between pin 8 and ground should be chosen to limit
the maximum voltage developed at pin 8 to 5V, or less. The
maximum voltage compliance is 12V.
It should be noted that the recirculating currents (free wheel-
ing currents) are ignored by the current sense circuitry.
Therefore, only the currents in the upper sourcing outputs
are sensed.
USING THE THERMAL WARNING FLAG
The THERMAL FLAG output (pin 9) is an open collector
transistor. This permits a wired OR connection of thermal
warning flag outputs from multiple LMD18200’s, and allows
the user to set the logic high level of the output signal swing
to match system requirements. This output typically drives
the interrupt input of a system controller. The interrupt ser-
vice routine would then be designed to take appropriate
steps, such as reducing load currents or initiating an orderly
system shutdown. The maximum voltage compliance on the
flag pin is 12V.
SUPPLY BYPASSING
During switching transitions the levels of fast current
changes experienced may cause troublesome voltage tran-
sients across system stray inductance.
It is normally necessary to bypass the supply rail with a high
quality capacitor(s) connected as close as possible to the VS
Power Supply (Pin 6) and GROUND (Pin 7). A 1 µF high-
frequency ceramic capacitor is recommended. Care should
be taken to limit the transients on the supply pin below the
Absolute Maximum Rating of the device. When operating the
chip at supply voltages above 40V a voltage suppressor
(transorb) such as P6KE62A is recommended from supply to
ground. Typically the ceramic capacitor can be eliminated in
the presence of the voltage suppressor. Note that when
driving high load currents a greater amount of supply bypass
capacitance (in general at least 100 µF per Amp of load
current) is required to absorb the recirculating currents of the
inductive loads.
CURRENT LIMITING
Current limiting protection circuitry has been incorporated
into the design of the LMD18200. With any power device it is
important to consider the effects of the substantial surge
currents through the device that may occur as a result of
shorted loads. The protection circuitry monitors this increase
in current (the threshold is set to approximately 10 Amps)
and shuts off the power device as quickly as possible in the
event of an overload condition. In a typical motor driving
application the most common overload faults are caused by
shorted motor windings and locked rotors. Under these con-
ditions the inductance of the motor (as well as any series
inductance in the VCC supply line) serves to reduce the
magnitude of a current surge to a safe level for the
LMD18200. Once the device is shut down, the control cir-
cuitry will periodically try to turn the power device back on.
This feature allows the immediate return to normal operation
in the event that the fault condition has been removed. While
the fault remains however, the device will cycle in and out of
thermal shutdown. This can create voltage transients on the
VCC supply line and therefore proper supply bypassing tech-
niques are required.
The most severe condition for any power device is a direct,
hard-wired (“screwdriver”) long term short from an output to
ground. This condition can generate a surge of current
through the power device on the order of 15 Amps and
require the die and package to dissipate up to 500 Watts of
power for the short time required for the protection circuitry
01056824







to shut off the power device. This energy can be destructive,
particularly at higher operating voltages (>30V) so some
precautions are in order. Proper heat sink design is essential
and it is normally necessary to heat sink the VCC supply pin
(pin 6) with 1 square inch of copper on the PCB.
INTERNAL CHARGE PUMP AND USE OF BOOTSTRAP
CAPACITORS
To turn on the high-side (sourcing) DMOS power devices,
the gate of each device must be driven approximately 8V
more positive than the supply voltage. To achieve this an
internal charge pump is used to provide the gate drive volt-
age. As shown in Figure 5, an internal capacitor is alternately
switched to ground and charged to about 14V, then switched
to V supply thereby providing a gate drive voltage greater
than V supply. This switching action is controlled by a con-
tinuously running internal 300 kHz oscillator. The rise time of
this drive voltage is typically 20 µs which is suitable for
operating frequencies up to 1 kHz.
For higher switching frequencies, the LMD18200 provides
for the use of external bootstrap capacitors. The bootstrap
principle is in essence a second charge pump whereby a
large value capacitor is used which has enough energy to
quickly charge the parasitic gate input capacitance of the
power device resulting in much faster rise times. The switch-
ing action is accomplished by the power switches them-
selves Figure 6. External 10 nF capacitors, connected from
the outputs to the bootstrap pins of each high-side switch
provide typically less than 100 ns rise times allowing switch-
ing frequencies up to 500 kHz.
INTERNAL PROTECTION DIODES
A major consideration when switching current through induc-
tive loads is protection of the switching power devices from
the large voltage transients that occur. Each of the four
switches in the LMD18200 have a built-in protection diode to
clamp transient voltages exceeding the positive supply or
ground to a safe diode voltage drop across the switch.
The reverse recovery characteristics of these diodes, once
the transient has subsided, is important. These diodes must
come out of conduction quickly and the power switches must
be able to conduct the additional reverse recovery current of
the diodes. The reverse recovery time of the diodes protect-
ing the sourcing power devices is typically only 70 ns with a
reverse recovery current of 1A when tested with a full 6A of
forward current through the diode. For the sinking devices
the recovery time is typically 100 ns with 4A of reverse
current under the same conditions.
Typical Applications
FIXED OFF-TIME CONTROL
This circuit controls the current through the motor by apply-
ing an average voltage equal to zero to the motor terminals
for a fixed period of time, whenever the current through the
motor exceeds the commanded current. This action causes
the motor current to vary slightly about an externally con-
trolled average level. The duration of the Off-period is ad-
justed by the resistor and capacitor combination of the
LM555. In this circuit the Sign/Magnitude mode of operation
is implemented (see Types of PWM Signals).
01056806
FIGURE 5. Internal Charge Pump Circuitry
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Locked Anti-Phase Control of a brushed DC motor. Current
sense output of the LMD18200 provides load sensing. The
LM3524D is a general purpose PWM controller. The relation-
ship of peak motor current to adjustment voltage is shown in
Figure 10.
01056810
FIGURE 7. Fixed Off-Time Control
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Utilizes tachometer output from the motor to sense motor
speed for a locked anti-phase control loop. The relationship
of motor speed to the speed adjustment control voltage is
shown in Figure 12.
01056812
FIGURE 9. Locked Anti-Phase Control Regulates Torque
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FIGURE 11. Regulate Velocity with Tachometer Feedback
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Physical Dimensions inches (millimeters)
unless otherwise noted
11-Lead TO-220 Power Package (T)
Order Number LMD18200T










NS Package Number DA24B
National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.
For the most current product information visit us at www.national.com.
LIFE SUPPORT POLICY
NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:
1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, and whose failure to perform when
properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to result
in a significant injury to the user.
2. A critical component is any component of a life support
device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.
BANNED SUBSTANCE COMPLIANCE
National Semiconductor manufactures products and uses packing materials that meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain
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Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 69 9508 6208
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D-Sub Connectors
Right Angle Female
Dimensional Drawing Pressfit (Screw), Assembly Height 7.3 mm
Dimensional Drawing Pressfit (Clip), Assembly Height 3.6 mm
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empfohlene Gewindelänge / 
recommended thread length
9 31,00 16,40 25,00 10,96 8,22 2,74 1,37
15 39,30 24,75 33,30 19,18 16,44 2,74 1,37
25 53,00 38,50 47,00 33,12 30,36 2,76 1,38



















Gewinde  / thread 
example of useAnwendungsbeispiel / 
PCBLP / 





































Metal plating of plated-through hole see drawing 164062 
No. 6 + 12
Metal plating of plated-through hole see drawing 164062
No. 6 + 12
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Enclosed Power Supplies
TXL Series, 25–1000 Watt
Features
U Compact metal case with 
 screw terminal block
U Dual and triple output models with  
 isolated outputs
U Universal input 85–264 VAC 
U EMI/EMC compliance with EN 61000-6-3  
 and EN 61000-6-1
U Compliance to EN 61000-3-2 (PFC)
U Short circuit and overvoltage protection
U International safety approvals
U 3-year product warranty
Order Code Case Type Output Power max. Output Voltage nom. Output Current max.
TXL 025-3.3S   3.3 VDC  6.0 A
TXL 025-05S   5 VDC  5.0 A
TXL 025-12S
C
25 Watt  12 VDC  2.1 A
TXL 025-15S  15 VDC  1.7 A
TXL 025-24S  24 VDC  1.1 A
TXL 025-48S  48 VDC  0.57 A
TXL 035-3.3S
 D
 3.3 VDC  9.0 A
TXL 035-05S  5 VDC  7.0 A
TXL 035-12S 35 Watt  12 VDC  3.0 A
TXL 035-15S  15 VDC  2.4 A
TXL 035-24S  24 VDC  1.5 A
TXL 035-48S  48 VDC  0.75 A
TXL 050-05S  5 VDC  10.0 A
TXL 060-12S 50 / 60 Watt  12 VDC  5.0  A
TXL 060-15S  15 VDC  4.0 A
TXL 060-24S  24 VDC  2.5 A
TXL 060-3.3S  3.3 VDC  15.0 A
TXL 060-05S  5 VDC  12.0 A
TXL 070-12S
E
60 / 70 Watt  12 VDC  6.0 A
TXL 070-15S  15 VDC  4.8 A
TXL 070-24S  24 VDC  3.0 A
TXL 070-48S  48 VDC  1.5 A
Models with Single Output
The TRACOPOWER TXL series is a family of encased power supplies designed for 
a wide range of cost critical applications. With a low proﬁle metal case and screw 
terminal block connection, they are easy to install in any equipment.
There are 59 models in this range with single, dual, and triple output voltages from 
3.3 VDC to 48 VDC in 10 power ranges from 25 W to 1000 W. These power sup-
plies have universal input and comply with European EMC standards and the Low 
Voltage Directive (LVD).
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Enclosed Power Supplies
TXL Series 25–1000 Watt
Order Code Case Type Output Power max. Output Voltage nom. Output Current max.
TXL 100-3.3S  3.3 VDC  25.0 A
TXL 100-05S  5 VDC  20.0 A
TXL 100-12S
J 100 Watt
 12 VDC  8.5 A
TXL 100-15S  15 VDC  6.8 A
TXL 100-24S  24 VDC  4.5 A
TXL 100-48S  48 VDC  2.1 A
TXL 120-12S  12 VDC  10.0 A
TXL 120-15S
K 120 Watt
 15 VDC  8.0 A
TXL 120-24S  24 VDC  5.0 A
TXL 120-48S  48 VDC  2.5 A
TXL 150-05S  5 VDC  30.0 A
TXL 150-12S
L 150 Watt
 12 VDC  12.5 A
TXL 150-24S  24 VDC  6.3 A
TXL 150-48S  48 VDC  3.2 A
TXL 220-12S  12 VDC  18.4 A
TXL 220-24S N 220 Watt  24 VDC  9.2 A
TXL 220-48S  48 VDC  4.6 A
TXL 300-24S
O 300 Watt
 24 VDC  12.5 A
TXL 300-48S  48 VDC  6.5 A
TXL 600-24S
P 600 Watt
 24 VDC  25.0 A
TXL 600-48S  48 VDC  12.5 A
TXL 1000-24S*
Q 1000 Watt
 24 VDC  40.0 A
TXL 1000-48S*  48 VDC  20.0 A
Models with Single Output




* Output 2 * Output 3
TXL 035-0512D  +5 VDC/ 4.0 A  +12 VDC/ 1.5 A
TXL 035-0524D
D 35 Watt
  +5 VDC/ 4.0 A  +24 VDC/ 1.3 A
TXL 035-1212D  +12 VDC/ 1.5 A  –12 VDC/ 1.5 A 
TXL 035-1515D  +15 VDC/ 1.3 A  –15 VDC/ 1.3 A 
TXL 060-0512DI  +5 VDC/ 8.0 A  +12 VDC/ 4.0 A
TXL 060-0524DI   +5 VDC/ 6.0 A  +24 VDC/ 2.2 A
TXL 060-0521TI
E 60 Watt
  +5 VDC/ 8.0 A  +12 VDC/ 3.5 A  –5 VDC/ 1.0 A
TXL 060-0522TI  +5 VDC/ 7.0 A  +12 VDC/ 3.5 A  –12 VDC/ 1.0 A
TXL 060-0533TI  +5 VDC/ 7.0 A  +15 VDC/ 3.0 A  –15 VDC/ 1.0 A
TXL 060-0534TI  +5 VDC/ 6.0 A  +12 VDC/ 1.5 A  +24 VDC/ 1.2 A
TXL 100-0512DI  +5 VDC/ 12.0 A  +12 VDC/ 6.0 A
TXL 100-0524DI   +5 VDC/ 10.0 A  +24 VDC/ 4.0 A
TXL 100-0521TI
J 100 Watt
  +5 VDC/ 12.0 A  +12 VDC/ 5.0 A  –5 VDC/ 1.5 A
TXL 100-0522TI  +5 VDC/ 12.0 A  +12 VDC/ 5.0 A  –12 VDC/ 1.5 A
TXL 100-0533TI  +5 VDC/ 12.0 A  +15 VDC/ 3.0 A  –15 VDC/ 1.5 A
TXL 100-0534TI  +5 VDC/ 12.0 A  +12 VDC/ 3.0 A  +24 VDC/ 2.0 A
Models with Multiple Output
* Total power must not exceed specified max. output power
NEW
* Specifications to be advised
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Enclosed Power Supplies
TXL Series 25–1000 Watt
Input Specifications 
Input voltage range   85–264 VAC 
   88–264 VAC (TXL 100 & TXL 300 models)
Input frequency   47–63 Hz
Input current (at full load)   Vin = 115 VAC Vin = 230 VAC 
  TXL 025 models 0.54 A typ. 0.22 A typ. 
  TXL 035 models 0.70 A typ. 0.42 A typ. 
  TXL 060/ 070 models 1.00 A typ. 0.60 A typ. 
  TXL 100 models 1.65 A typ. 0.95 A typ. 
  TXL 120 models 1.30 A typ. 0.65 A typ 
  TXL 150 models 2.10 A typ. 1.10 A typ.  
  TXL 220 models 3.00 A typ. 1.60 A typ.  
  TXL 300 models 3.30 A typ. 1.70 A typ 
  TXL 600 models 6.30 A typ. 3.10 A typ
Input current (at no load)   Vin = 115 VAC Vin = 230 VAC 
  TXL 025 models 10 mA typ. 17 mA typ. 
  TXL 035 models 50 mA typ. 55 mA typ. 
  TXL 120 models 135 mA typ. 125 mA typ. 
  TXL 220/300 models 115 mA typ. 140 mA typ. 
  TXL 600 models 210 mA typ. 220 mA typ. 
  other models 100 mA typ. 80 mA typ.
Recommended circuit breaker TXL 025/035/060/070 models 5 A  
(characteristic C) or slow blow fuse TXL 100/120/150/220 models 10 A 
  TXL 300 models 15 A 
  TXL 600 models 20 A
Output Specifications 
Output voltage adjustment range    ±10 %  
   – 35 Watt dual output models: range Vout 1-2 
   – other multi output models: Vout 1
Regulation – Input variation  1 % max.  
 – Load variation (10–100%) single output models 2 % max.  
  multiple output models 4 % max. for main output 
   6 % max. for output 2/3 (20–100 % load) 
  – Minimum load on main output of multiple output models 0.3 A for TXL 035 
   (to provide the regulation on the auxilary outputs)  1.0 A for TXL 060 
   1.5 A for TXL 100
Ripple and noise (20 MHz bandwidth) 3.3VDC output  < 50mV 
  Output 3 (on triple output models)  < 1.5% of Vout 
  all other output voltages < 1.0% of Vout nom.
Output current limitation   105 %–150 % of Iout max.
Overload protection mode   Fold back, automatic recovery
Over voltage protection  (only output 1)  115 %–140 % of Vout nom. 
   (depending on model)
Capacitive load, max.  3.3 VDC–12 VDC output models 10’000 μF 
  TXL 070: 24 VDC & 48VDC output models 10’000 μF 
  TXL 100/150: 24 VDC & 48VDC output models    4’700 μF 
  TXL 035/ 120: 24 VDC & 48VDC output models   1’000 μF 
  TXL 025/ TXL 220: models   5’000 μF 
  TXL 300 models  17’000 μF 
  TXL 600 models  44’000 μF
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All speciﬁcations valid at nominal input voltage, full load and +25°C after warm-up time unless otherwise stated. 
General Specifications 
Temperature ranges – Operating  – 10 °C to +70 °C 
 – Load derating above 45°C  2% /°K   (2.5%/°K for TXL 120/220) 
 – Storage (non operating)  – 10 °C to +75 °C
Temperature coefficient   0.02 %/°C
Efficiency   70–84 % (depending on model)
Humidity (non condensing)   85 % rel max. (non condensing)
Switching frequency   50 kHz typ. (pulse width modulation)
Hold-up time   20 ms min.
Isolation voltage (60sec) – Input/Output  3‘000 VAC 
 – Input/Case  1‘500 VAC 
 – Output/Case  500 VAC 
 – Output/Output  
  60-100 Watt multiple output models: 500 VAC (for all outputs of triple output models!) 
  35 Watt dual output models: outputs not isolated
Reliability /calculated MTBF (MIL-HDBK-217F)  >250’000 h @ 25 °C typ. 
Electromagnetic compatibility  – Conducted input RI suppression  EN 55022, class B, FCC part 15, level B 
(EMC), Emissions – Harmonic current emissions   IEC/EN 61000-3-2, class D (TXL 120/150/220) 
    IEC/EN 61000-3-2, class A (others) 
 – Flicker  IEC/EN 61000-3-3
Electromagnetic compatibility  – Electrostatic discharge ESD  IEC/EN 61000-4-2    4 kV / 8 kV 
(EMC), Immunity  – RF field immunity  IEC/EN 61000-4-3    3 V/m 
 – Electrical fast transients/burst immunity  IEC/EN 61000-4-4    1 kV 
 – Surge  IEC/EN 61000-4-5    1 kV / 2 kV 
 – Conducted RF  IEC/EN 61000-4-6    3 V/m 
 – Magnetic field  IEC/EN 61000-4-8    3 A/m 
 – Voltage dip  IEC/EN 61000-4-11   
Safety standards   UL 60950-1, IEC 60950-1, EN 60950-1 
Safety approval   cUL/UL  File E188913
Case material  TXL 025/035 nickel plated steel (chassis & cover) 
  TXL 50/60/70/100 aluminium (chassis), nickel plated steel (cover)  
  others aluminium (chassis & cover)
Enclosed Power Supplies
TXL Series 25–1000 Watt
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Enclosed Power Supplies















































































2 x M4 thread
(bottom)
65 (2.56) 63 (2.48) 
























6 x M4 THD
4 x M3 THD
(bottom)
Top view
Weight:     0.89 kg  ( 31 oz)
Tolerances and max. screw penetration see page 9
MR-21 ROCKER SWITCH
SPECIFICATION
Feature: light option and inrush current capability
Rating: 5A 250VAC, 10A 125VAC (UL)
             7A 250VAC, 10A 125VAC (CSA); 
             6A  250VAC~µT85 (D, S, N, FI, VDE)
Inrush Current: 50A peak at 250VAC for 4ms
Contact Resistance: 20 milliohms max. @ initial
Insulation Resistance: 500 megaohms min. @ 500VDC
Dielectric Strength: 2,000VAC for 1 minute
Life Cycle: 10,000
Operating Force: 500-800g





Contact: silver plated copper alloy
Moving Contact: silver plated phosphor bronze
Center Terminal: tin plated copper
Stationary Contact Terminal: tin plated copper
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M: on-off (no light, SP)
N: on-off (no light, DP)
C: on-off (light, SP)
L: on-off (light, DP)
Label
1: none
2: -    o
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ABSORBS VIBRATION EXCELLENT ELECTRICAL INSULATION
ZERO BACKLASH HIGH RESPONSE HIGH TORQUE
Antivibration Flexible Couplings – Compact 
The projections shown are per ISO convention.


































































































*Shaft Tolerance (h7):  3      to  6 mm   -0.012
                                     6.35 & 10 mm  -0.015
                                                 11 mm  -0.018
MATERIAL:  Hubs – Aluminum
 Center – Molded Rubber
 Cap Screws – Steel, Black Oxide
OPERATING TEMPERATURE:  -20°C to +80°C
MISALIGNMENT COMPENSATION
Max. Angular Offset – 1.5°
Max. Lateral Offset – 0.15
Max. Axial Motion – ±0.2
APPLICATIONS:
Outstanding performance when used with 



















ABSORBS VIBRATION EXCELLENT ELECTRICAL INSULATION
HIGH RESPONSE HIGH TORQUE
The projections shown are per ISO convention.





































∆ Based on max. bore dimension.
Antivibration Flexible Couplings – Compact 
*Shaft Tolerance (h7):     8 & 10 mm  -0.015

















































MATERIAL:  Hubs – Aluminum
 Center – Molded Rubber
 Cap Screws – Steel, Black Oxide
OPERATING TEMPERATURE:  -20°C to +80°C
MISALIGNMENT COMPENSATION
Max. Angular Offset – 1.5°
Max. Lateral Offset – 0.2
Max. Axial Motion – ±0.3
APPLICATIONS:
Outstanding performance when used with 




• High Speed & Precise Positioning
• Increases Gain
*The rated current is TRUE RMS current measured by BASE-450 (Autoranging Digital V-A-W METER).
*All model could be customized on voltage or any other requirements to fit your need.















40 / 41 CFM
80x80x25 mm
63
MagLev Motor AC Fan











































































































BULGIN Power Inlets and Outlets
IEC 320-1 FUSED POWER INLETS
• Room for spare fuse
Fig. DescriptionMOUSER STOCK NO.
Price Each
10050251
5x20MM Single Fuse 10A 250VAC
161-PF0030/28 PF0030/28 C Chassis mount, 2.8mm solder tabs
161-PF0030/63 PF0030/63 C Chassis mount, 6.3mm faston tabs
161-PF0033/15/28 PF0033/15/28 D Snap-in fit, 2.8mm solder tabs, 1.5mm panel thickness
161-PF0033/15/63 PF0033/15/63 D Snap-in fit, 6.3mm faston tabs, 1.5mm panel thickness
Twin Fused 10A 250VAC
IEC 320-1 POWER INLETS






IEC 320-1 C20 POWER INLETS
20A, 250VAC, UL and CSA
161-PX0596/63 PX0596/63 H C20 Chassis mount, 6.3mm faston






IEC 320-2-2 POWER OUTLETS




IEC 320-2-2 POWER OUTLETS






C14 IEC 320-1 FUSED INLETS













• Fuses sold Separately
• Fuses sold Separately
Bulgin
Part No. Fig. Description
Price Each
10050251
161-PX0695/15/28 PX0695/15/28 L Snap-in fit, 2.8mm solder tabs, 1.5mm panel thickness
161-PX0695/15/63 PX0695/15/63 L Snap-in fit, 6.3mm faston tabs, 1.5mm panel thickness
161-KT0006 KT0006 N Fits Bulgin PX0580, PX0590, PX0675, PX0690, PX0793, & PX0739/1
161-KT0012 KT0012 N Fits Bulgin PX0596
For quantities of 250 and up, call for quote.
For quantities of 250 and up, call for quote.
For quantities of 250 and up, call for quote.
For quantities of 250 and up, call for quote.
For quantities of 250 and up, call for quote.
For quantities of 250 and up, call for quote.
For quantities of 250 and up, call for quote.
For quantities of 250 and up, call for quote.
161-PF0001/28 PF0001/28 A Chassis mount 2.8mm solder tab
161-PF0001/63 PF0001/63 A Chassis mount 6.3mm faston tab
161-PF0011/10/28 PF0011/10/28 B Snap-in fit, 2.8mm solder tabs, 1mm panel thickness
161-PF0011/15/28 PF0011/15/28 B Snap-in fit, 2.8mm solder tabs, 1.5mm panel thickness
161-PF0011/10/63 PF0011/10/63 B Snap-in fit, 6.3mm faston tabs, 1mm panel thickness
161-PF0011/15/63 PF0011/15/63 B Snap-in fit, 6.3mm faston tabs, 1.5mm panel thickness
161-PX0575/10/28 PX0575/10/28 E Snap-in fit, 2.8mm solder tabs, 1mm panel thickness
161-PX0575/15/28 PX0575/15/28 E Snap-in fit, 2.8mm solder tabs, 1.5mm panel thickness
161-PX0575/10/63 PX0575/10/63 E Snap-in fit, 6.3mm faston tabs, 1mm panel thickness
161-PX0575/15/63 PX0575/15/63 E Snap-in fit, 6.3mm faston tabs, 1.5mm panel thickness
161-PX0580/28 PX0580/28 F Chassis mount, 2.8mm solder tabs
161-PX0580/63 PX0580/63 F Chassis mount, 6.3mm faston tabs
161-PX0580/PC PX0580/PC G PC mount
161-PX0675/28 PX0675/28 J Chassis mount, 2.8mm solder tabs
161-PX0675/63 PX0675/63 J Chassis mount, 6.3mm faston tabs
161-PX0675/PC PX0675/PC K PC mount
161-PX0675/PC/12599 PC0675/PC/12600 K PC mount with rear cover
161-BZV01/Z0000/01 BZV01/Z0000/01 M Snap-in fit, SP switch, 6.3mm faston tabs
161-BZV01/Z0000/02 BZV01/Z0000/02 M Snap-in fit, SP red neon switch, 6.3mm faston tabs
161-BZV01/Z0000/10 BZV01/Z0000/10 M Snap-in fit, DP switch, 6.3mm faston tabs
161-BZV01/Z0000/11 BZV01/Z0000/11 M Snap-in fit, DP red neon switch, 6.3mm faston tabs
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